Abstract Excisional procedures, such as loop electrosurgery (LEEP) and cold knife conization, are recommended treatments for cervical intraepithelial dysplasia (CIN). CIN and excisional treatments are associated with an increased risk of preterm delivery and premature rupture of membranes. This association is fairly consistent across studies focusing on cold knife conization, procedures removing deeper tissue specimens, and repeat procedures. Because the association is not as strong or consistent for single, shallow LEEPs, it is possible that the increased risk may be related, at least partly, to other factors (confounding). To prevent complications, treatment guidelines should be strictly followed to minimize overtreatment. General measures to prevent preterm birth, such as screening and treating infections and smoking cessation should be considered. Given the lack of evidence on the impact of progesterone to prevent preterm delivery in this population, further studies will be needed to determine if transvaginal sonographic cervical length measurement should be offered routinely during pregnancy.
Introduction
Cervical cancer is the third most frequent cancer in women worldwide [1] . It is caused by the infection of the cervical epithelium by oncogenic human papillomavirus (HPV) [2] . When such an infection is not cleared by the immune system but persists, gradual disruption of the epithelium of the transformation zone can occur [3] . Such precancerous changes were traditionally designated as cervical intraepithelial neoplasia (CIN) and graded according to the depth of disruption. CIN1 lesions (or low-grade squamous intraepithelial lesions (LSIL)) involve less than one third of the epithelium, CIN2 up to two thirds, and CIN3 (or high-grade squamous intraepithelial lesions (HSIL)) between two thirds and the full-thickness of the epithelium, the latter also referred to as carcinoma in situ (CIS). New terminology guidelines suggest that further molecular diagnostic studies should be conducted on biopsy specimens of CIN2 to better characterize the potential for progression to cancer, and either upgrade the diagnosis to HSIL or downgrade it to LSIL according to these results [4••] .
Follow-up studies have confirmed that LSIL (CIN1) most often regresses spontaneously, and for this reason treatment of LSIL (CIN1) is no longer recommended [5] . On the other hand, CIS will progress to cancer in approximately 30 % of cases [6] , warranting treatment for such lesions [5] . Fortunately, progression from HPV infection, to precancerous lesion, to cancer is usually slow, in order of decades [6, 7] . This probably explains why cervical cancer screening has been so successful in decreasing both incidence and mortality from cervical cancer in settings with integrated screening/diagnosis/treatment programs. Indeed, repeated screening with the Pap test (with or without HPV testing) can select women most at risk for CIN/cancer in order to refer them for a diagnostic workup, consisting of colposcopy and biopsy. If HSIL is identified on biopsy, treatment will prevent its progression to cancer. Traditionally ablative and excisional treatments have been used to destroy/resect the transformation zone. The fact that ablative treatments may be associated with more frequent failures [8, 9] , and the development of simple, lowcomplication excisional procedures suited for outpatient settings, have caused ablative procedures to be gradually abandoned for HSIL treatment in developed countries.
The discovery in the 1940s of the possibility to identify early cancers by cytological testing [10] , and thus improve outcome by early treatment, led to enthusiastic incorporation of these procedures in clinical practice in resource-rich settings, even before solid evidence of efficacy and risk of harm was available. However, a better understanding of the natural history of HPV infections and CIN, coupled with the reports of deleterious obstetrical impacts of excisional treatments, demand that we carefully consider whom we treat, and the potential implications of such treatments. In the following chapter, we will review the evidence of the impact of CIN excisional treatments on different reproductive outcomes, with the goal to provide an up-to-date summary on the topic.
Excisional Treatments
Excisional treatments (also referred to as conization) involve removing the HSIL lesion(s) with the entire transformation zone. This can be accomplished by a variety of tools; the most common are loop electrosurgery (LEEP or LLETZ) and cold knife conization [5] . Cold knife conization was the first fertility-sparing treatment used for HSIL. LEEP was later described in 1989 by Prendiville et al. [11] and has since become the most frequently used conization technique.
Fertility

Infertility
Several mechanistic causeways have been proposed as to how excisional treatments could negatively impact fertility [12] . The first is mechanical and consists of distortion of the endocervical canal and/or cervical stenosis that can, in theory, limit the entry of sperm in the uterine cavity [12] [13] [14] . The second is insufficient cervical mucus that could result from removal of cervical glands during conization [15] . Cervical mucus has many roles in fertility, including asepsis of the uterine cavity secondary to the presence of leucocytes, maintenance of an alkaline pH that enhances sperm viability, and facilitator for sperm transport [14, 16] . The third cause is post procedure infection, which could damage the fallopian tubes [12] .
Unfortunately, the exact impact of conization on fertility is not well known, because there are very few methodologically sound studies that address this particular problem. Reassuringly, available data suggest that conization does not increase the risk of infertility [14, [17] [18] [19] [20] . Ideally, future studies on the topic should focus specifically on infertility (i.e., inability to conceive after trying for more than 12 months), use appropriate control group(s), and include large groups of treated women to conduct subgroup analysis investigating the role of the different conization techniques, as well as other factors, such as cone height and volume, time between conization, and trying to conceive, and should control for risk factors of infertility (maternal age, tubal factors, male factor, etc.).
Spontaneous Abortions
There is no evidence that conization increases the risk of first trimester abortions [17, 21] . This is not surprising because chromosomal abnormalities are thought to be involved in most early spontaneous pregnancy losses [22] . However, because conization involves removing part of the cervix, second trimester pregnancy losses due to cervical incompetence from lack of mechanical support are more worrisome [14] . This outcome has not been the focus of a meta-analysis. A population-based Norwegian study compared birth after conization (all techniques, mostly cold knife conization) with (a) births before conization, and (b) births in women who had never had conization. They controlled for maternal age and found an adjusted relative risk (RR) of late abortion (birth before 24 weeks and/or below 500 g) to be tripled (RR 3.2; 1.5 % vs. 0.4 % crude risks) [23] . Older reports also have underlined the association between cold knife conization and second trimester pregnancy losses [24, 25] , specifically with cone heights >2 cm) [26] . We could not find reports on the risk of late abortions specifically following LEEP.
Assisted Reproductive Technologies
We identified one study looking specifically at the need for IVF after conization [18] . The authors found no increased use of IVF in women who had conization compared with the general population, but the nature of the study (registerbased) made it impossible to control for confounding. Some have indicated that intrauterine insemination and embryo transfer can be more difficult in women with cervical stenosis [13] . Cervical stenosis has been reported to complicate up to 17 % of conizations [16] . The risk of stenosis is increased when the height of the cone is over 2 cm, the lesion is completely endocervical and in women older than age 50 years [16, 27] .
Impact of Conization on Fertility: Summary of Main Findings
Available data do not suggest that excisional treatments are associated with an increased risk of infertility, first trimester pregnancy losses, or need for IVF. Cold knife conization appears to triple the risk of second trimester pregnancy losses. We did not find data looking specifically at the association between LEEP and second trimester pregnancy losses.
Obstetrical Outcomes
Although there are a number of studies on the risk of poor obstetrical outcomes following cervical conization, it remains a challenge to firmly establish causality. Observational studies most often cannot clearly differentiate between the role of (a) the disease (CIN), (b) patient characteristics/behaviors that led to the disease (and may also increase the risk of poor obstetrical outcome), and (c) the treatment (conization). Only a very large randomized trial, recruiting women with histological HSIL and comparing watchful waiting to LEEP to cold knife cone would provide a clear answer. Such a study obviously will never be done for ethical reasons. We must then examine available observational studies and reach the soundest conclusions, even if observational studies focusing on the association between conization and preterm delivery have inherent limitations. They cannot always distinguish between spontaneous and iatrogenic preterm delivery, especially when a register-based design is used. They may not be able to control for important confounders (age, smoking, previous preterm delivery, STIs, etc.) or to differentiate the effect size of different conization techniques (cold knife conization vs. LEEP).
Preterm Delivery
Preterm birth is defined as birth before completion of 37 weeks of pregnancy. It complicates 5-13 % of pregnancies in developed countries and is responsible for more than 50 % of neonatal morbidity and 75 % of mortality [28] . We have summarized in Table 1 the main results of four metaanalyses on this specific topic [19, 29, 30 •, 31••]. The studies included in the meta-analysis mainly used "external" comparison groups, i.e., women without CIN and as such without a history of conization. The four reports found a significant increased risk for preterm delivery following cold knife conization, with relative risks (RRs) in the order of 2.59-3.41. The RR estimates for preterm Others have tried to identify characteristics of treatments, apart from the specific modality that could influence risk of preterm delivery. In his meta-analysis, Kyrgiou et al. reported an increased risk (RR 2.6; 95 % CI 1.3-5.3) of preterm delivery when LEEPs deeper than 10 mm were compared with those less than 10 mm [19] . Other studies have since then confirmed the importance of the depth of excised tissue (over 1.7-2.5 mm) in relation to preterm delivery [32] [33] [34] [35] . Repeat procedures have been shown to be especially detrimental [33, 36] . Finally, there is some evidence that a shorter time interval between conization and pregnancy may increase the risk of preterm delivery [37] [38] [39] [40] [41] .
To better ascertain the "amount of risk" pertaining to the procedure per se, as opposed to CIN or risk factors for CIN, Bruinsma et al. investigated through a meta-analysis how comparison groups influenced study estimates for risk of preterm delivery [31••] . When all excisional treatments were examined as a group, the RRs were highest when an external comparator (women without CIN) was used (RR 2.19; 95 % CI 1.93-2.49) and lowest (and not statistically significant) when the comparison group included women with CIN who were not treated (RR 1.25; 95 % CI 0.98-1.18]. These findings underline the fact that preterm delivery and HSIL share risk factors, and women with CIN are probably at increased risk for preterm delivery even if not treated.
Recently, a large study focused on women evaluated and/or treated in large colposcopy units in England. The study used different comparison groups. Most of the women treated had LEEP [42••] . The authors showed that as a group, women evaluated (and not necessarily treated) in a colposcopy clinic had an increased risk of preterm delivery compared with the general population (RR 1.31; 95 % CI 1.25-1.37). The RR increased to 1.41 (1.29-1.54) in women who received treatment compared with the general population). However, when women who underwent treatment were compared to women who had a biopsy but no treatment, the RR decreased to 1.19 (95 % CI 1.01-1.41). Finally, an analysis restricted to 372 women who gave birth both before and after treatment did not find an increased risk for preterm delivery after treatment (RR 0.94; 95 % CI 0.62-1.43). These results highlight that most of the increased risk of preterm birth in women who have LEEP may be in fact due to risk factors for the disease and/or the disease itself, rather than related to LEEP.
Premature Rupture of Membranes
Membrane rupture is considered premature (PROM) when it occurs at least 1 hour before the onset of labor [28] . It also can be described as preterm (pPROM) when it takes place before 37 weeks of gestation. Studies that measure the association between conization and pPROM are as fraught with difficulties as those that focus on preterm delivery, and similar confounding factors are at play. The meta-analysis by Kyrgiou [43] . As is the case for preterm delivery, repeated procedures further increase the risk [36] .
Labor and Delivery
In our experience, patients with a history of conization can present in labor with a palpable fibrous ring on their cervix. We have wondered if this could lead to a longer latency period until the ring "tears." Some have reported that prior conization reduces the length of active labor [44] , whereas others have found no association [21] . Cervical conization is not associated with an increased risk of labor induction or operative deliveries (vacuum, forceps, cesarean) [21, 35, [44] [45] [46] [47] [48] . One report found an increased risk of spontaneous cervical tear during delivery in women who had a cold knife conization (OR 7.53; 95 % CI 2.63-17.57; p<0.001) [48] . One study suggests an increase use of epidural during labor [49] . This may be linked to our perceived sometimesprolonged latency phase.
Impact of Conization on Obstetrical Outcomes: Summary of Main Findings
Women who have CIN are at increased risk of preterm delivery and premature rupture of membranes. Recent evidence suggests that LEEP may not increase the risk of preterm delivery further. Deep excisions, cold knife conization (compared to LEEP), repeat procedures, and short conization-pregnancy intervals further increase the risk of preterm birth. Excisional treatments do not appear to have a significant impact on the labor and delivery process.
Neonatal Outcomes
We will briefly review the impact of excisional treatments on neonatal outcomes. It is important to understand that the link between conization and neonatal outcomes is preterm birth. Prematurity, if associated with conization, will inevitably lead to lower birth weights, increased intensive care unit admissions, increased morbidity, and if extreme prematurity is sufficiently frequent to higher neonatal mortally. Since 2008, many more studies have looked at the link between cervical conization and neonatal outcomes [36, 43, 45, 47, [49] [50] [51] [52] [53] . Most have used comparison groups from the general population [45, 47, [49] [50] [51] . They did not report the type of conization and mostly provided estimates of risk for the different procedures combined [36, 45, 47, [49] [50] [51] . Compared to the general population, women with CIN who underwent treatment, on average, delivered babies with a lower mean birth weight, an increased risk of low birth weight, an increased risk of intensive care unit admission, and mortality, even after controlling for confounding. Three reports, all focusing exclusively on LEEP, included two types of control groups: one from the general population and another comprised of women with CIN who either were not treated [43] , or had CIN and treatment after the pregnancy [52, 53] . All three failed to identify a significantly increased risk of adverse neonatal outcome secondary to LEEP [43, 52, 53] , as they did not find an increase in preterm delivery.
Impact of Conization on Neonatal Outcomes: Summary of Main Findings
Newborns of women who have had CIN are at increased risk of poor neonatal outcome, as a result of an increased risk of prematurity. LEEP does not seem to further increase the risk of poor neonatal outcomes, above the risk of CIN.
Management to Minimize Reproductive Complications Following Conization
Before Pregnancy
At a population level, the best prevention consists of reducing the frequency of cervical conization. Hopefully, widespread HPV vaccination before onset of sexual activity will translate in a significant decrease in HSIL and need for conization. New cervical cancer screening guidelines suggesting delaying initiation of screening and longer intervals should help to limit overtreatment [54••] . Quality assurance measures should monitor adherence to guidelines, ensuring that treatment of LSIL in women of childbearing age remains rare. Colposcopy units and pathology laboratories should ensure that CIN2 (by the old nomenclature) is "triaged" with appropriate molecular biomarkers. Studies have shown that a large proportion of such lesions will be downgraded to LSIL if stained for p16 [4••] . Because CIN and preterm delivery share risk factors, colposcopy visits may be a chance to educate women on risk factors for prematurity, provide smoking cessation counselling and pharmacological aids, and screen and treat for STIs.
For women who do need to be treated, LEEP should be favored over cold knife conization. The depth of tissue excision should be as small as possible, while aiming for complete lesion removal on first treatment. Women should be advised to defer pregnancy for several months.
During Pregnancy
Ever since studies have shown a possible increased risk of preterm delivery in women after conization, options were sought to prevent preterm delivery in this population. Routine placement of cervical cerclage was tried but did not prevent preterm delivery [55] [56] [57] . In the general obstetrical population, the American College of Obstetricians and Gynecologists has recognized that cervical length measurement by transvaginal ultrasound can be used as a screening tool for preterm delivery [58] . The recommendations address separately women who have had a prior preterm delivery and those who have not. Women who are found to have a cervix of 25 mm or less at or before 24 weeks are to be offered vaginal progesterone supplementation [58] . Cerclage is not recommended for women without a history of preterm delivery with a short cervix on screening ultrasound [58] .
The value of cervical length screening to predict/prevent preterm birth has been evaluated in women with a history of conization. A few studies used transvaginal ultrasound to evaluate the impact of conization on cervical length, outside of pregnancy. No difference in cervical length before and after conization was found when the second ultrasound was performed several months after treatment [40] . Others identified a shorter cervix in the immediate postoperative period [38, 39, 41] but concluded that the defect had essentially disappeared by 6 months [41] .
When transvaginal ultrasound cervical length screening is performed during the second trimester of pregnancy, women with prior conization have, on average, a shorter cervix than women without a conization history by only by 0.56-0.67 cm [59, 60] . The clinical significance of such a small difference is unknown. Some reports indicate that transvaginal cervical length measurement cannot reliably predict preterm birth in pregnant women who previously had a conization at the usual cutoff of 25 mm of cervical length [60, 61] . Others found a limited sensitivity in the 50-67 % range [59, 62] and a positive predictive value of 22 % [62] .
We could not identify any reports focusing on the role of progesterone to prevent preterm delivery in otherwise lowrisk women with a prior conization and a short cervix on transvaginal ultrasound cervical length screening. It would be important that future intervention studies focus specifically on this population, because it is not certain that the benefits of ultrasound screening/progesterone would necessarily apply to women who have undergone excisional treatment for CIN. If we hypothesize that a short cervix is usually the result of a physiological process ("preclinical" labor [63] or "relative" cervical incompetency [64] ), then, in the general population, a short cervix on screening ultrasound would be a marker for this physiological process. Progesterone would prevent preterm birth by halting the process. However, the finding of a short cervix after excisional treatment may only indicate that some cervical tissue was removed. Progesterone is not expected to influence this in any way. On the other hand, if a "structurally" short cervix predates the initiation of labor and increases the risk of preterm birth, for example, by increasing the risk of microbial contamination/inflammation of the uterine cavity [65] , and progesterone reduces the uterine response to inflammation, then women with a short cervix caused by excisional treatment also could benefit from screening/treatment with progesterone.
Given the lack of evidence to support efficacious interventions to prevent preterm delivery in women with a short cervix and prior conization, it is difficult to recommend strongly routine screening by transvaginal ultrasound in this population.
As routine "cervical length screening followed by progesterone supplementation for women with a short cervix" is incorporated in some practices, some women with prior conization will be screened and treated. It is likely that a more comprehensive understanding of the benefits of this management strategy for women with an antecedent of conization will then emerge.
Preventive measures: Summary of Main Findings
Indications for conization should follow most recent guidelines to limit overtreatment. LEEP should be preferred to cold knife conization. Patients seen in the colposcopy clinic could benefit from general preventive counselling in relation to preterm delivery. It is unclear whether transvaginal ultrasound cervical length screening is a useful predictor of preterm birth in women with prior conization. No studies have evaluated the role of progesterone in this population. Routine cerclage is not indicated.
Conclusions
Women undergoing conization for HSIL are at higher risk for preterm delivery compared with the general population. Conization techniques that remove larger tissue specimens, such as cold knife conization or repeat procedures, seem to increase the risk even further. Cold knife conization also increases the risk of second-trimester pregnancy loss, premature rupture of membranes, and the complications of prematurity.
There is some recent reassuring evidence that when LEEPs are performed in large, quality-assured colposcopy units, preterm delivery risk may not be further increased above the risk associated with CIN (or its risk factors). The shallowest LEEP that will enable complete removal of the lesion should be performed. It may be safer for women to defer pregnancy for several months after conization.
The role of transvaginal ultrasound cervical length measurement to identify women at higher risk of preterm delivery in women with prior conization is controversial. It is difficult to recommend this procedure specifically for women who have undergone excisional treatment, because no study has evaluated the role of progesterone (or other treatments) in preventing adverse perinatal outcomes if a short cervix is found. The best way that we can limit the obstetrical complications of excisional treatments remains a judicious use of conization.
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